A juvenile Rhesus monkey died suddenly while being conditioned for tissue culture studies. A diagnosis of necrotizing pancreatitis associated with adenovirus was made on the basis of the demonstration by electron microscopy of paracrystalline arrays of viral particles and granular and fibrillar inclusions in necrotic pancreatic acinar cells. This is the first description of necrotizing pancreatitis in a nonhuman primate. Adenovirus should be considered in the etiology of pancreatitis in nonhuman primates.
Necrotizing pancreatitis, which has been reported infrequently in animals other than the dog [5] , usually has not been caused by infection. Recently, however, it has been reported in foals with natural adenovirus infection [9] and in young chickens experimentally inoculated with adenovirus [3] . Experimental viral pancreatitis caused by reovirus [II] and coxsackievirus B3 [4] in mice has also been described. CRAIGHEAD [1] has written an excellent review of viral pancreatitis in man and animals.
We have not found previous reports of necrotizing viral pancreatitis in nonhuman primates. This report describes the gross, light, and electron microscopic findings of necrotizing pancreatitis associated with an adenovirus in a Rhesus monkey that died while being conditioned.
Case History
A male juvenile Rhesus monkey that weighed 2.3 kg was among 51 macaques received by the Center for Disease Control on 5 June 1973. On 9 June he developed bloody diarrhea and was treated daily with 10 ml (3.3 mg/rnl) of furazolidone. Although the monkey continued to eat well and remained active, the diarrhea persisted, and he died on 13 June.
Materials and Methods
Tissue samples taken at necropsy were fixed in 10% neutral formalin, embedded in paraffin, sectioned at 5 urn, and stained with hematoxylin and eosin (HE), Brown-Brenn, Fite-Faraco, and Gomori's methenamine silver stains.
Formalin-fixed tissues selected for electron microscopy were pancreas, mesenteric lymph nodes, lung, liver, kidney, spleen, and intestines. They were cut into l-mm cubes and osmicated in 1% OS01 viv in 0.2 M S-collidine buffer [7] . Tissues were dehydrated through graded alcohols, embedded in maraglas 732 [2] , and cut on a Reichert OMU2 ultramicrotome fitted with a diamond knife. The sections were picked up on bare copper grids, stained with uranyl acetate and lead citrate [14] , and examined in a Philips EM 200 electron microscope.
Results
The carcass was refrigerated immediately after death, and the necropsy was done 18 h later. The pancreas was approximately three times normal size; it was gray-white and firm, had an irregularly nodular surface, and was firmly adhered to the superior pole of the left kidney and to the serosa of the pylorus and duodenum. The surface also contained several O.S-LO-cm umbilicated yellow foci with gelatinous centers. When the pancreas was sectioned, ecchymotic hemorrhages and a nodular pattern of firm white and soft yellow areas were prominent throughout. There was no evidence of abdominal fat necrosis. The mesenteric lymph nodes were enlarged, extremely friable, and the cut surface was mottled with red and gray. All other organs were unremarkable. Isolation of a virus was not attempted.
Representative sections of the entire pancreas were examined. There was widespread destruction of exocrine and endocrine parts with slight inflammation. Islets of Langerhans could not be identified. The outline of an occasional group of pancreatic acini and ducts remained, otherwise there was total effacement of normal architecture. Areas of hemorrhage and an occasional cluster of neutrophils, lymphocytes, and macro phages were scattered throughout the necrotic tissue. Neither bacteria nor fungi were shown by special stains. Many pancreatic acinar cells contained large basophilic and amphophilic intranuclear inclusion bodies ( fig. 1, 2) . Some inclusion bodies completely filled the nucleus and often fused with cytoplasmic contents producing nucleocytoplasmic blurring ( fig. 2) .
All mesenteric lymph nodes examined were totally necrotic, but inclusion bodies were not seen. There was lymphoid depletion of splenic follicles and moderate centrilobular fatty change in the liver. No other microscopic lesions were found. 
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Intranuclea r pa racryst alline a rrays of ade novi rus-like particles were seen in ma ny of t he necrot ic pan creati c aci na r cells ( fig. 3,4) . Th ese pa rticles were hexagon al a nd a pprox ima tely 60 nm in diameter ( fig. 4) . Spa tia lly associated with th ese pa rticles were intranuclear inclusion s th at occ urred in gra nular a nd fibr illar forms [8, 10] . Vira l particles a nd inclu sion s were indi stin gui sha ble fro m t hose typically seen in ade novi rus infect ion s in cell culture [8] a nd ill vivo [13] . Viral particles a nd inclusions were also found in th e cyto plas m a nd cyto plas mic vesicles wit hin cells where nucle ar int egrity was lost. Typica lly, in aden oviru s-infected cells, plasma a nd nuclear membra nes were fragme nted , a nd normal cellular co ntents were repl aced by swollen a nd fr agmented mit oc hondri a, membran ou s vacuoles, lipid droplets, filamentous deposits of fibrin, fragments of ro ugh endoplasmi c retic ulum , and viral pa rticle s ( fig. 3) . So me acinar cells were so severely a ffected th at on ly a n occasion al zymo gen gra nule or pro file of rough end op lasm ic reticu lum am ong cell debris indi cated th e cell type. Lipid dr op lets were num er ou s in the extracellula r spaces.
A lt ho ugh th ere was massive necrosis of all mesent eric lym ph nodes exa mined hist ologically, vira l particles a nd inclu sion s were not de mo nstrated ultrastruct ur ally. Fig . 3 . Electron micrograph of degenerat ed panc reati c acinar cell co nta mmg paracrysta lline a rrays of adenovirus. Th e nuclear me mbrane is almost a bsen t, an d ma ny orga nelles a re no lo nger iden tifiable. Occasiona l zymoge n gra nu les (Z) and lipid d rop lets can be seen. N = nu cleus. Ura nyl ace tate and lead citrate. Fig . 4 . Electro n mic ro graph showing the charac teristic pa rac rystallin e (C) arrays of virus part icles, a nd gra nula r (G) a nd fibrilla r (F) inclusio ns with in a pa ncre atic acina r cell. Urany l aceta te a nd lead citra te.
Discussion
Without corroboration by viral isolation and serologic identification, it is impossible to prove that a virus caused the pancreatitis. The demonstration of intranuclear inclusion bodies in pancreatic acinar epithelium by light microscopy provided presumptive evidence of infection. These inclusion bodies have previously been described as characteristic of adenoviral inclusions [13] . Ultrastructural demonstration of adenoviral particles and typical inclusions [8, 10] in necrotic pancreatic acinar cells strengthens the conclusion that this virus was the primary pathogen. Therefore, serologic typing of the virus was the only significant missing element in this case.
Because tissues for electron microscopy were taken 18 h after death and fixed in formalin, some of the degenerative changes in virus-infected cells were probably caused by autolysis; however, a surprising amount of fine ultrastructural detail was preserved in intact noninfected pancreatic cells. This indicates that the degenerative changes in virus-infected cells were viral induced.
Several tissues of nonhuman primates have been reported to be a reservoir of 'latent' adenovirus infection [6, 12] : kidney, nervous system, tonsil, pancreas, respiratory and gastrointestinal tracts. In the present study, adenovirus was not found in unaltered cells of most organs and tissues previously reported to harbor 'latent' adenovirus, although electron microscopy is an insensitive way to search for 'latent' infections. The tonsils and nervous system were not examined by electron microscopy.
The present case reopens the question of whether some cases of necrotizing pancreatitis in man and other animals have a viral cause. Further study into the prevalence and cause of pancreatitis in nonhuman primates is warranted.
